We discuss possible manifestations of R parity breaking in the Higgs sector. We illustrate this with three examples: high-energy mono-photon production at LEP, calculation of limits on associated production of invisibly decaying Higgs bosons and discussion of non-standard scalar decays in the MSSM with broken R parity.
Introduction
In analysing the supersymmetric theories one usually assumes the conservation of a discrete symmetry, called R parity 1 , distinguishing matter fields from their superpartners. The R parity violation could lead to phenomenologically interesting effects, such as mixing of gauginos with leptons 2 and Higgs bosons with sleptons 3, 4 (and hence breaking of the lepton number), non-zero neutrino masses 5, 4 and their decays 6 , Z 0 decays to single charginos or neutralinos 7 , existence of a massless Goldstone boson called majoron 8 and many others. In contrast to the R parity breaking in the fermion sector, its consequences in the scalar sector are relatively less explored. We present three examples of possible manifestations of R-parity breaking in the Higgs sector: high-energy mono-photon production at LEP 9 , associated production of invisibly decaying
Higgs bosons 10 and novel scalar decays in the MSSM with broken R parity 11 .
2 Single Photon Decays of the Z 0 and SUSY with Broken R-Parity
Recently the OPAL collaboration has published a high statistics single photon spectrum that shows some excess of high energy photons above the expectations from g the initial state radiation (ISR) 12 . This excess could be explained in a class of SUSY models with spontaneous violation of R parity, which pre- 
As the simplest illustration we derive the γ-spectrum following from eq. (1) in the approximation of constant V 0 . We obtain
The details of the shape of the γ spectrum depend upon the specific model and SUSY parameters choice, but its general characteristic is determined by kinematics and is different from the SM process Z 0 → ννγ. Superimposed a We do not consider here other possible mechanisms, like LSP pair production followed by the radiative decay of one of them χ 0 → γν and the invisible decay of the other χ 0 → Jν.
upon the continuous spectrum we have, in addition, a spike at its endpoint, corresponding to the emission of the monochromatic γ in the Z 0 → γJ decay.
Limits on Associated Production of Invisibly Decaying Higgs
Bosons from Z 0 Decays
In a class of models with a spontaneously broken global symmetry the CP- We extend this analysis to include the model containing two Higgs doublets and a singlet (carrying lepton number) 13 and the associated production of the CP-even and CP-odd Higgs bosons 10 . For the illustration, we display the constraints obtained for the published ALEPH data sample 16 based on a statistics of 1.23 × 10 6 hadronic Z 0 events. 
where ǫ ii) ISR or e + e − → (e + e − )γγ process in which case it is aligned along the beam direction. This enables one to eliminate the SM background by a combination of kinematic cuts 17 . We denote the number of expected signal events for the processes 1)-3), after the cuts, by N SM , N JJ and N A respectively, assuming no suppression due to the mixing angles or branching fractions in each case. The expected number of signal events, after incorporating these effects, is given by
As can be seen in Fig. 2, N 
Novel Scalar Boson Decays in SUSY with Broken R-Parity
The standard MSSM R parity conserving superpotential can be generalized by adding the following R parity (and lepton number) violating terms:
We focus on the effect of the last term in eq. (6), assuming in addition ǫ 1,2 ≈ 0.
The remaining ǫ 3L3Ĥ2 term induces a non-zero VEV for the tau sneutrino:
and leads to mixing of gauginos with leptons, Higgs scalars with the tau sneutrino and hence to the R parity violating Higgs bosons decay modes.
All the elements of the various mixing matrices can be expressed in terms of six independent parameters which we choose as tan β = The decay h → χ 0 ν τ occurs either through the sneutrino component of h,
or through ν τ admixture in the LSP in the hχχ vertex. The mixing a 31 appearing in eq. (7) is of the order of O GeV,µ=200 GeV,ǫ 3 =1 GeV,m A =250 GeV.
where ξ denotes the appropriate gaugino-LSP mixing element. R 0 and also
can be estimated to be of the order of O
In Fig. 4 we display the branching ratios for h decays to LSP + ν τ as a function of the h-ν τ mass difference, for a suitable choice of SUSY parameters. Clearly, for relatively small h-ν τ mass differences of a few GeV, the supersymmetric channel can dominate over the SM ones (similarly for A → χ 0 ν τ , χ ± τ ∓ decays).
Conversely,ν τ may decay into R parity violating SM channels such as bb, τ + τ − or the invisible mode νν. These decays are dominant when the phase space for the R parity conserving channels such as χν is closed (see Fig. 5 where m LSP ≈ 65 GeV) and may be non-negligible even above the LSP threshold if m h ≈ mν τ , leading to a resonant enhancement of bb, τ + τ − modes (see small rise of Br(ν τ → bb) in Fig. 5 for mν τ ≈ m h = 155 GeV). Finally, the R parity breaking terms lead to the unstable LSP, which would decay inside the detector if ǫ 3 ∼ few GeV. Folding the R parity violating Higgs boson decays to the LSP with the standard decays of Z 0 one gets the signatures in e + e − collisions which do not occur in the SM, such as τ e or τ µ pairs + missing momentum 11 .
